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. of information programs and aystems.‘

 ‘coverage, and the social sdienxist requiring both depth and breadth, -

. "and should not he put into -a-storege and retrieval systém, ¢

efted, oo N

e o he A o a ” L e woT oYy

B . o Abgtract
14 il

‘ Tha purpmae -of this report is to review the results of past studles of
the informaetdon-gathéring methods of wmrkera in varlous fields, and to-demon= -
strate the general appllicability of these resulis to the design and . improvement

Agwo cases from the literature arc used to
iiluatrate storage and retrievs] systems that do and do not meet thw require-
ments of thelr users, and to show the contrasting need of the pure saienulsu for
mere references to informetion en-the-one-hand and of the spplied scientlst for
direct access to- actu#l information, on-the-othem The applied scientist 1s ‘
shown tc require the bervicaa of large storage and retrieval programs manned i
by highly trained personnal while the pure acientist is best served by & con- '
'ventional library in/which the publications are arranged on the basisof & . . _ .

. clasgificalbion acheye Uheb-ies reflective of the scientistis customary essocla-

tion of subjects. Genera&~elasamfieatinns are rejected becsuse they are too

" broad and redundent, and speoial classificmtlons based on the habits-and-re-

quirements orf the- uaar'bodies arve-recommended-and: deseribeds Low redundancy -

‘“1n bwdh manual and machineusygtJms ig’ cited as a means. of 1mproving input and S -
output : ] . N _ .

AL

The logiaal requirtments giftvpicgl auestions_put ho rﬁtriev_l syetems —
by users. are shown to be-simpler than those [or-which most systems are being. a
designed. wDifferences in the required information coverage of systems serving
pure sclentists, applied .scientists, and social sclentists and humanistse are
indiceted, with the pure sclentist requiring a narrow, collection- -going back
comparatively far in time, the applied.scientist requiring a bFoad but. shallow
Investiga-
tions of ‘the verlous medis,hsed by user groups to communicate and obtein differ.
ent kinds of information ar sdvaenced ‘as & further means of knowing what should
The value of past .
studies, ave , ..

userdstudies 85 fir @Frﬁximations,“and the need for fur hié

. .

o R

i1
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.Introduction
K . N
Perhaps the most important. Qﬂd least coﬁsidered factor in the design of
information storage and retrievel systems is the user of such systems. Rﬁéard-
less of what cther paramsters are considered in the development of = stbrégé
and retrieval mechenism, it is neéessamy to consider 1ts potential use snd
mode of use by the persons or groups for whomrit is intended; it'is necessary
' h bl : 3

either to fasbien.th° system to suit the user's needs, habits, end prefe“ences,

or to. fashion the user to meet the needs, habits, and preferences of the sys-

‘ tem, Both approaches are possible, but the gecond one, 1nvolving the education

- and re-education of the - user, is evolutionary and futuristic. A system.designqd

- for-fiow should st least be able ta gerve the present s - ”&5,_. o
This;iE»notﬂto'say,that'thg yggsent user‘will not chqnge asvhigi;xﬁeri-

ences and opportunitiea*ih.getting informetion broaden;’he ,Will lnevitably

c¢hange. One atrikins feature of most successful storage and retrieval systems

A

is that. they ntart out to meet current needs of speclfie user groups, and, grad- ‘

ually. as the systems meet more. and more challenges put to. tham by the - users,

‘they themselves are foreed to change because the demands placed upon them begin

- to coeed their pﬁhllities. But these successful systems begin as means of .

meeting~actual, 1mmndiata user requiremants, on the users termﬁ‘ind not on -

§

" thoses of ‘the syutem. T '"Q“T“J”"”

“0ne thing “thet ha:; saricusly hempered the development and use of sdvanced

1nfonmation storage and retriaval systems has been: the tendency of whe designera
" to think of the user 88 a constant, Frequentily, the prob]en of defining this

conatant is soived by the des*qner, vho asaigns himaelf the role uf typ;cal ,
.J

user and extrapolateg from his own information reyuirsments and.experience in
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developing his aystem, . The usuel result is that the system sults the designer's

needs, but not those fior whim it is designed.
As is true of mﬁbs_tuui'.ilitaria,n items, it is very difficult to design ef~
fective mj!‘orma-tion ays\‘»’rnmn in the abstract. Before ente-ring; into the engineer-

ing and. design phases of a. system, :H: 15 nedfssary to know Jjust what the system

18 SuPposed to do and. for whom. ‘ Thia 1n.fo /Ltion can only be obtained by -study-

)!

ing, ‘the. hahina and fao_uirements of thé potemia.l user.

e e —ep——. erar———e e — e =t

There have 'been innumersble nser s'budies p-rfcrnu.ﬂ over the paet decade
or'niora.' 'I'hrsc studios R which’ ha.ve. utilized 8 wide va.riety cf- analytice.l meth-
ods, haxe ‘been revieuad in po;p\ars ‘by Egan and. chkle (3), Shaw (13), and Tornudd

(lb) Tfnfortunately, these. reviews a.nd most. recent disnussions of nser vequire-

qa

mcnts have been more concerned with method than with e,pplica‘ple results, In
" "their peesecupaticn with how past stﬁdiéé’f.‘%;}ere done, the reviewers and discus-
sants. hayve ovérlooked the fact‘ that moat of them were done by working librariens

a,nd inrorma:binn spccialista for specii"ic pre.ctioe.l ‘purposes connected . with the e

mprovcmcnt of existing 1nfomation p1‘\'os;'m4 While admittedly 1mperfect m L o
conception and execution, thc ma.dority of these studies hs.\rc produced -results,
in thc cmc thé:tr thcy hé.*re fu*nished opere.tors of 1nfﬂm.,t4 on. pronrn_ms inslhzhx. . | o f
aa. to how those prc. TAMS are used or. a.rc J.:I.kaly to be uaed; A striking cha.re.cu
teristic of thesae reaults is tﬁa,t desp:t.te tha. faot tha:b thcy have been derived

T
“hy B va.riety o:f' means ‘they ha,vo ¢orroborsted one a.nother in a number of important -

rospocts ‘ 'I'he: purpoac of th’i’s"i‘éi)ort is to review some of the more consistent
rcaults of past studics , and to d.emonstrato 'bhe general applic&bﬂity of da.ta

= - : on user habits and preferences to the design and -1mprovemont of information pro-

~ grams and systems.
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Illustratiors Qg‘Useq-‘ggéA§9§»Uaer Oriented'%ystemai,

The.literaxure is replete with deascriptions of information programs and

syatems that meet actual, present user requircmants and of those that do not,

Lk bl

Ayiu% those that are designed around the dctual needs uf the user group, “the K
metliod used to determine thess needs varieB ‘with the organizational activity, | @% i
the size of the user group, Organizational Policy, and other factors. In soe . ii
cases, the method consists of group discuaaions h#tween the designers and users

~.of the progrem or aystem; sogegimes a simple qugamionnaire is used; in other . - = __

e

cases, faceato-face interviews afp’used-'in still other cases, the énalyéis is

done by examining circulation flles and other recorﬂs of 1itcrature use. But,

regardless of tha me hOu tsed, uaer-orienmed syste g have in common the charac- o
teristic of being tailored for a spccitic group, and of being designed around

the preferennea, hahits, and foibles of the group, They are, in qhort,.aesignedf" :
to megt the userfs needs, on the uaer s ovn terms. B ! "

,‘[ ;.' o

x?‘iTﬂé éﬁitﬁ Klinevand Freﬁch‘Svstcm B
‘ g ' T L
One very inﬁ‘reaiing example .of & aystem designed to meet a specific,

caxcfully-defined ast cf user requirements is that of the Smith Kline and French

- B LY
Foofodiag b

"lahoramorieé The function of the syatem, vhich is described in part in a paper

by Rockwell, Haync, and Garfield (12), is to store, search, mnd correlate phar-

macological and clinical {nformation on various drugs of intereat to the cqmpany.
- The system utilizes an IBM 10} Statistical Machine and au indexing code reflect-
| . ' v.ing ‘the variocus sspects of the drugs that are likely to be of interest to the
.maarnhe Originally, informgtion on pertinent drugs was searchcd by means of

“a conventional card index. —However, it became evident at s relatively early
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“tusl dmte., ‘I‘he rnﬁxon for this is that the pharmacologists in the cmnpany were - 7
o .found to pre.f.'er to Ao their owd reading, correlation, and synthesis, and all : ,

they went is re!‘erencu to the pert.ment J.itera.ture, “they do the rest, . .On the

f

Stage in the evolution of the system thet the card index did not offer the depth

of decumenit analysig and the opportunity for data and concept correlations which i

vere necessery for the full expioitation of the collected information. Thils led

to the developmeht of 8. mechanized system. ;

In te of coded documents, the system 15 relatively small, totalling

30 OOO items he:majority of which are unpublished reports of clinical andvlab-

oraxory'dama. Houever, in terms of intensgity of indﬁxing of the information

conxained41n these items, the colJection is‘very large. In terms of what can

be done with the avail able ini‘onne,tion, by way of‘ detailed aearches a.nd corre-

leLions of diverse facts and data, the aystem is extremely sophiaticated. But

the thlng.tha? makes it truly aophisticaxed is the fact that it i designed

a.round. the clea.rly\d.efined needs and: interests of 1ts users. . . - v
To illuatra.te this point, the strictly phamcological 1nforma.tion in

the. sysnm«-mst ha.ving t0 do" with such fundamental éhings &8s the mode of e.ct:! on

of. druga,--is 1nd.o:cexd. in. such a wayii‘as to produce bibliogra.phies rather than ac~  °

§ .A]other hand., the. clinicia.ns in 't.he _compeny--those concerned with the action of -

;"d.'cugs on hnmm. pq,tients--prefer to receive actual. data, and, 1f possible ’ they

wa.n.t it correle.ted. s.nd tebuldted for them, Therefors, clinical informetion is
entered into the. system in such & vay 88 to permit routine correlat:!on and ‘bab-
ule.tion. ”

b 'l‘h:l.s difference in the approach of pure and applied scientists or in

‘this. cgae pre-clinical and clinical scientigts to information is one which has

also been found in other user studies (5,6). An imports:.t dlmension that Smith

3



ﬁvnett (2) and Bracken and Tillitt (1), The NOTS “ysten uses an IBM 701 Calculamor

s
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-

. . 'v ) ) i \‘
Kiline end French has added is the ectusl application of the results .of its own

. and other studies to the 1mprovement of a working system. By applyfng‘ﬁheéé .

resulta, the firm has been able to turn a relatively unpretentinus'system into
one of great effectiveness, and has ensured that it is usgd to the total extent
of 1ts capabilities,

One other ifportant sttribute of the Smith Kline and French system is its

'-dynamieism. The aasignersfof the system are keenly aansitive to changes in users

requiremerts' changes arising from shifting subJect interests end from a growing

avareness of the user-group.es to the capabilities of the aystem. By keeping .

. aware of uhifting,search.damands and interests, the designers of the system are

sble to ensure that it meets the real naeds of the group for which 1t ia designed

and thus reteins its vitalityq

W

The NOTS System

In striking contrest with the Smith Kline and French éysteq is one devel~

oped at the Naval Ordnence Test Station (NOTS), and descrihed 1n papﬂrs by Burt; S

to atore and search coded Unitenm entries for a dallaction ar approximamely 20 OOO :

documents. The aversge document 1s indaxed under eight entries, 7 a
According to Burtnett, the machine, using magnetic tape 3-8 a storage me-

dium, will perform the average search in sbout one mimute, while it takes a2 humen

operator elght minutes to do the same search manuslly. Burtneti glves the aver-

age cost of searching with the 70l as $2.20 per minute. As of the time that the

paper by Bracken and Tillitt was written (1956), the machine was being used for

an average of U8 gemsrches a‘week, requiring 48 minutes, es opposed to the six

and & fraction manhours it would. take to do the‘searches by hand.
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“With 48 searéhqﬂ a week; the manhour savings derived from the use of the
701 are quite smull, emounting only to slightly more “rha.n five hours a week. . |
But the cost of these manhour savings 1s very high. Assuming thai 2 human
searcher is paid $5.00 an hour (proﬁably far too high e figure), the total cost
of doing the 4B searches by hand would be slightly more then $30.00, while the
cosgt of doing the searches on the 701 wouidibe $105.60. This high cost is in-
evitable when the distance between vhat a machine can do and whet 11;; ig called

upon to do is too great. Actually, the machine is being glven all the adven-

, tages in the foregoing comparison. 1f the cost of, putting the information into

) ,sibly dus to the tight 'oime schedulas u.nder which thay u'e genera,lly forced to -
- _'vork, prefer to gt their infoma,tibn 1n' 1nished ferm, they gene:ally yant im-

the machine aud the coat of programming.to get it out again were taken into mc-.

‘ count , “the aver -7-1-% search on the. 701 wonld- ecme to considembily more than $2.20.

It vould probably come. closer to $1o 00.

But all this is incidental”to the fnct tham the. NOTS system ig not really
des:.gnei to do the thinga that its users require it to d.o. For the most pa.rt,
ordnmce testing. 15 concermd w.tth a,pp:i.;!.ed aaienee and.- engineering. As indi-

cated ea.rlier, applied scientista ) elther a.s a. re.-sul'b of their trs.ining, or. pos-

mediate.l.y-usa.blp 1n£orma.1:ian, rather tha.n. references to doeuments \_antaining ”:Lt. 7

-The NOTS. system is pa,tently unsuited to such & requirement, It deli"vera reger-

7 ences only, and to mnka matters worse, ‘these refasrences come in the ferm of

document accesslion numbers rather than meaningful bibliographic citations. Under
such a circumstence, the person handling & reference request has either fo,tféns-v
laxé the accesslon numbers into citstions, if a bibliography ib requiréd, or he
must deliver the documents themselves, forcing the reques£er to wade ﬁhrough =4

good deal of relevant and irrelevant material to find what he needs. Either
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alternstive adds materially to the time and cost of the search, and yet neither f
fully satisfies the needs of the particular user body for which the system is .

intended, '

/
i
: o .
|
[/l,' .
L) ”/
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Systems. for Pure vs. Applied Scientists |

The experience of the Smith Kline snd French Laboratories in the devel-

opment of & dichotomous retrievel system to provide for the diverse information

requirements of its pre-clinical and clinical scientiats is illustraxive of cne
' generalization which can be drawn from user studies. The design of the Smith

Kline and French system confirms a hypothesis evolved'ffom irterview studies .of SN

X

the inférmation-gamhering habits of ascientists in academic end industrisl set-
tings (5;6)f This hypothesis is es fcllows: Information storage and retrievel
'systems serving pure sbienttsts are best designed as two-atage operations, in
which the user is furnishqd bibliographic references and doea his own select-.
Ing, resding. and 1nterpret1ng of items in the bibliography, while the applied
F jfi . scientist 1s best aerved by the one-stage :type in which the user 1s given actual

~ anawers. to guestions, rather than references to literature containing the ansvers.

.?..hf:.é?blied Sciéntiat T " ) , -

2 . . . R
— — v - - . - B .

Lo

The foregoing hypothesis, simple as it 1s, gives rise to a number of ' ‘f 0
‘broad implicaticns relaxing to the deaign of storage arid retrieval systams. a
One implicaxion is that the intellectusl demands-on the operator of a system f

serving pure scientista are significantly lighter than those placed on the opu,

f - ~ erator or 8 ‘system serving applied scientists. -In the first instance, all that
is8 required of the system is a l;st of refereﬁces, éndAnothing more. In the
gecond instancg, sﬁecific ansvers to apecific quesfions sre required. Producf
ing actual answers to questions implies a far more complicatedrinput”and output :

mechanism than does the production of mere references. When answers rather. then

S R B

references are reduired, it 18 necessary for the system operator to have selected,

Sl BEE ALY XTI B BRI

IR



" job to do. ‘I‘he reason for this relative simplicity is a nega.tive one: owing 0

‘tha hsgh level of sophisticution and the narrow fields of specialization in pure

fonm ‘the selection and.interpretation phnses of a search. Literamure selection

Page 9

réad, interpreted, and encoded potentidlly uaeful,inéorﬁhtion in such n way that |
1t can be retriaved in.a fom thaxiia 1mm&diaxé1y gpplicable to user problems or
inquiries, This memna that the person who puts the;information into the system
must be at least as’ convers?.nt with the subject mp,ff.ér deé,lt with s i;.he uger
for which the,sysﬁem 1s designed; 1t meags thai the coding parameters mugt be
so finely reaﬁlved a§ to“permit the assimilation of highly épecific bits of"data
and other. information, in a Way that permits ready vetpieval in an intelligidle
form; it meana a highly dense memory, and, finallsr, if this memory is to be ex-

y

Ploited profitably, it means an output: mechanism that 1is capable of searching

and correleting date and other types of information at high rates of speed. .

ggg Pure Scien@i-t

By conmraat, a two-stage system serving pure scientliats has a much easier .

ucience, 1t 1a extremaly dmfficult for anyone but the raquest-r himself to per

- ahd interpretation, and the.aubsequent»pnooeasuggngﬂ;hasis, conatitute,,forwtheuu.,u

pure scientist, the very essence bf.creativity. This is & hard thing to have
done by prdiy;r ' “ - - R _
Thus, the person putting information into -1 storage and retrieval syéﬁemﬂrw
serving.pure scientists, must, more or less b; default, do his encoding 1n only "
the. most general terms; he must describe whole published units, such as books,
pupers, articles, etc., rather than the specific information coﬁtaineqrin these
units. This means s storage and‘retrieval system in which the primary Job of

the operator is not to exploit a collection of informatjon on behalf of a user



i

he wants by.himselfJ This logically connotes s conventional library in which

TR 8

publications are arranged according to their subject content.

»
IR Sy
N

- Page 10

i -
ﬂroup»bu$.touarrahge.the cdilection in such & way that the user con find whet




The Retrieval Capapilities of Systems

o
k4
if

il

The problem of helping the user to "find what he wants by himself" poses
an important chellenge for the library serving the pure scientist. Two recur-
_ring findings. of past user studies (5,6, ) are, first, thet pure scilentists -

prefer to come. to the 1iﬁrary in person to consult the 11tarature,-and, second,

i tovthe shglveé aend brdwse; If the libraiy servingia body df pure écientists 1s
to. promote the beat posaible use of its collections; 1t should arrenge them in
nauch B way as. to reflect the loglc. und preferences of the specific grovp that -

is to use them. P B | [ -

General Library Clessification

Mgst.special libraries approach the proylem of shelf arrangemént hy

' addpting one of the major clessification systems, such as the Library of Con-

mal Clagsification, The major library classification systems share the coimon

'~shnrtcoming of most storsge and retrieval syatems' 'théy treat the user aé'a :

" fconstanﬁ; their ‘gtructure and. design are baaed on the content of the litera-
ture,‘raxher than.on4the uuy that‘theAliteraxure is uged, As a result, the .

‘iiterature in & given special library is likely to be arranged in the exact

same way s it 1s in & majority of libraries, regardless of thélspecific in-
terests or viewpoints of the clientele df the glven library. Thia is actually
| . no nore realistic.thﬁﬁ.uaing,éhe same t&fe of facilities to house organic chema
| | ists and theoretical pﬁysicists. | h
(lassifications such as Dewey Decimal, Library of Congre$a,“énd Univer-

sal Decimnl, share a failing that is common to all systems that ettempt to be

@>fham.they do not use the library card. catalog, preferring tnstead to go directly

grgéé g1a§sificatidn, the Dewey Decimal Classificetion, or the Universel Deci- -

L g

Rl
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universal in outlook: they try to see everyone's viewpoint; they try to encom-

pgss.ali,the wbrldfq litersture and to classify it as every possible user in

every possible clime would classify it. This makes a very difficult Job for
the cataloger whose Job it 1s to find the right niche for each piecé of liter-
ature he receives, and for the searcher who must find out what the cateloger

did with it,

User-Baged Coding Schemes

fherg:ifé;“zn the-otﬁer hand, g number of classification schemes that
ha&e more dgfinite viewpoints, One basic characteristic of these schemes is
that they are designed for spec;fic»user groups, rather‘than“for all litera~
ture régdﬁys. Another basic charactéfistic of such classiflcation schemes '1s
that théyﬂtreat thé‘problem‘df organizing a literature collection as a pufély y
physicai.oﬁe, in‘wh1Ch the goal'is aimply to categorize pleces of literature

1ﬂ.such‘e.wny that the user can easily find them, The question of how a given

\ger grbup habituslly &gfines suquct-ciaéses or categories of literature is

i
I

HITS RO

generally related to the purposes for which the literature is used. One ~

,,;il' o 'ngthpq that has'beéh;ahployed~ta défine purposgfof ﬁse has been the énalysih
: f.of typieal reference requests made by members ofbthe user. group over a repre-
'senxqtivé period of time (8). From this, s set of typical search parsmeters
or requirements are developed, énd thg literature is categorized under them,

Beaidas thé obvious.advantagé-of rermitting a collection of documents
to be 1aid.out in Qlyay that the user is likely to look for them, classifica-
fions keyed to specific‘uaer groups, and based on s detailed knowledge of the

techniaal habits and requirements of these groups, permit important improve.

ments in input. The Improved input in user-based clagaification schemes stems

B
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from the fact they minimize redundsncy by orgenizing s given literature collec-
ticn from only one viewpoint, that of the group that 1s to use it. This lack

of redundancy greatly simplifies the work of the clessifier by clearly delimit-

" ing the areas in the collection into which a given piece of literature can go.

In addition to‘speeding up the classifying and sesrching processes in
conventional, open-shelf libraries, user~based classifications offer the same
input and output advantages for machine systems in which clessifications are

used as the basis for storage and retrieval codesu Anything that can diminish

‘the amounx of time it tokes:a coder or cataloger to decide the uubdect catego-_
ries covered by a given document and anything tham wili sdmplify the decisions

of the progrefmer in deciding how to get the information out of the system, will

obviously 1mprove the economy of a mechine syqteme

‘ The advantages of user-oriented systems are not limited to thoae with

claseificabion achemesvas'their beses, There.ere~e*var1ety of eases in-wﬁic

user-orientation heﬂ contributed to the suceess of non-hierarchicel indexing and

" coding sysbema Mocers (J.l) hes described wha.t he terms a ”Descriptor Diction- -
ary Syatem," in which the indexing and. code terms are. developed as a special

voecabulary reflecting the requirements end vieﬁpoints ‘of the specifie greup thetll

is to use the system. By treating each indexing and coding voca.bulary es a spe-

cial case, Mocers 1s able to limit aeverely the number oi terms or descriptors, T

and to produce a8 corresponding speed-up in 1nput and output.

Anotlier example of the diminution of an 1ndexing vobabulary by making it

"coincide with the most likely seereh parameters of the user-group is described

by Wall (19), who ‘applied this method to ‘the design of & 'peek-a-boo" index to
pressure vesael draw.ngs. By consulting with potential users of his index, Wall

found thet he was able to.reduce his indexing or searching parameters from 98 to

3
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20, Teas 98 parsmeters that he stﬂrtéd off wlth were thpse that the pressure
vesselo dravings in his collection gg_:i.g_h}_:_ be searched bhy. The 20 ‘rhat remained
a.;c. thye eg& were those by which they actually were searched. This diminution
o f Infeexing and searc}‘\ parameters, mnd the exclusion of those that are unresl-
ie....ic:olobvj.o\:xsly gpeeds up the inpuf and. output processeso

! hers 18 yet another advantege in designing an 1ndexing system around
th.e_, p;e.-e.—determined: preferences and requirements of a given user-group, shd’ in . °
_the rwsutimyg diminution in the number of .,i.ndexiné and seai‘ching perameters.,
This. uiﬂﬂditic:na.—llad.vant.ggé hus to do with machine seérching systems., One of the
factons limlting the spepd o:f‘ machine sorting and afcannj_.ng sYsteﬁs is the number
of ok actezz‘é uﬂed to represent each subject. As a rule, the greater the num'ber
-of charrraetex‘s per subject the slower the search. This hxa.s particular pez'ti-
n&nﬁet_,o svsa,ems util:! zing dignal computers ) 1n wh:!.nh each mmject rode ig

: \ scarmbda oha-:-acter by cha.ract.er But AV ‘a-.l'..‘,‘: &pplit"ﬁ o punched cards,’ in yvhich

' , the ninmher of subJects that can be p\..nched on:a ca,rd is dependent on the number

of cl'mrmctema used-to repreaent each sub1ect Wu:h a diminution in the number ' Ty

I

of sujljects in a syatem, it beeomes passible tc use a shorter and simpler nota- ‘

T tion. toc:> rep-:esent each subJect s and t‘lere 13 Y cmbtaequeant improvement in sort-

ing « sca.nming efriciency. o

'_Tn_giy'g 5 I@mmm of Systems -

Anotliierl;haae of the sés.rching mecheriics of s aystem that can benefit
f,.rnm.ﬁs knbw:led.ge of the hebits and re‘quirémen'ts of its use‘rs is concerned with
the ablﬂ{}-ty q;‘ the syéﬁem to perform searchgé, involving correiations between i
two o moxe sublects. Obviously, 1f the qHUes‘bions put to a system habitually

invpleas corelations which exceed its capabllities, the system 1is ineffective.
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Likgwiae, if the cor:qiamion capsbllities of the system exceed the cdﬁplexity‘
of the questions customarily put to it, there is a resulting waste.

The guestion of the kind of sesrch demands that requesters are likely
to make of storage and retrieval aystems has been investigated in two recent
studles (7,20). Both of these studies involved the snalysis of a representative
sample of reference questions produced by a épecifically-defined body of users,
In one case, the body of users consisted of members of the scilentific staff of
the Tonawande Rgaearch Laboretory of the Linde Compeny, while in the other it
consisted of )the personnel of 1k national Laborstories and prime contractors of
the Atomic Energy Commission,

As one might imsgine, the detailed results of the two astudiea varied,

. 8ince the. makeup of’the two uger-groups were quite different, However, in one

' very besic respect there wes sgreement. In both studies,'in,which gctual exam-

plesa. of éegrch questions were analyzed on a‘staxiatically.VAlid basls, it wes

found that the questions prdduced by the groups investigated were considersbly

‘1e§succmpli¢ated than the questions that the majority of retrieval systems are

designed to handle, " They generally covered fewer concepts, and required far
simpler logical manipulations than would seem likely from most discuszsions of

storage and, retrieval systems in the documentation literature. This may of

_course be due to the fact that requesters 1imit their seerches to the capabil-

ities of the retrieval facilities available to them. But 1t is also undoubtedly

_due, in part at least, to the fallure of systems designérs to take the actual

requirements of the users of these systems into account.

.ov
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Content and Scope of Systems

Reference has already been made to the need for higher density memories
and speedier and more sophisticated searching mechanisms in systems serving ap-
plied scientists then is necessary in those seyving pure sclentlsts. This need
was ascribed to the faect that applied scientisés gﬂnera;ly vant actual answers
to search guestions, rather than references to documentg éoﬁtaining these an=
sweré, and this means more 1ﬁtensive anslysis and finer indexing of the informa-
tion collection. There is still another/reason for the need for more versatile
syatems for groupa consisting of applied scientists. This is related to the
- fact that applied,spience,_as a rule, crosses more subject areas than pgre sel-

’ence, and it is therefore more difficult to encompass the sources of information

" required by the applied scientist in e single storage and retrieval system.

Subject Coverage

The question of "subject dispersion,” or the use of the literature in
one subject by workers in another, has been dealt with by a large number of in-.
vestigators who have, among them, covered most fields of pure and applied sci-
_ence. as well as the social sciences and humanities; The method used by the
‘maJority’of these investigators. is called ”refgrence counting." Briefly,'”ref-
erence counting' consints of statistical analyses of -the types and quantities
of publicaxiona réferred to by authors in representative pﬁbiicexiona in a *;
given field. Stevens (15) has summariéed and synthesized various of these i
studies, and has arrived at s number of conclusions regarding not only "subject
dispersion” but aelso the temporal span of usefulnéss of the 1iterature'in the

various flelds studied and the comparetive number of different publicsticns

that vorkers in a given field have to consult in order to get the information
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they need. Needless to say, theseitWO additional factors .can alBO‘haye ) pfou
found effect upon the desién ﬁf a storage and retrieval system.,

Regarding "asubject dispersion,' Stevens found, first of all, that the
applied scientist is far more likely to use the llteratures of fields outslde
of his own than the pure gselentist. Second, he found that the worker in 8 sci-
ence that is relatively new is likely to meke grester uge of literature cutside

af hig fleld than the worker in en older field. Thua, in fields such as mnthe,¢

matics; chemistry, and rhysics, there is 5 much smaller "aubaect dispersion"
than in such fields as. biophyaics and bioﬁhemistry, which are Btill too young
to he completelﬂ 1ndependent of the fields from which they ‘stemmed. Both Ste-
vens, and Voigt {18), who d1d a "reference counting" study covering the litera~
tures of agriculture and engineering, have demonstrated that both the pure aud
applied sclentists adhe;é t¢ the ruie thet the use of literatures outsi&e'the
immediste field varies inversely with the ;gg'bf“the f;ei¢.
As for the question of "tifle dispeésiﬁn”;;thé number of publications
that researchers have tpwcpnsult to mest their information réﬁuireﬁéhté;-st;l ‘- l'lz
ﬂi o vena' riﬂdings arg essentially,thé same as in the case of "subject diapersion," i
* with a. greater scﬁﬁter of titles consulted among ;ppliedfthan pure rields, and
‘among new sclences as opposed to old'aéiences.
Departing from the natural scienéqg»qn¢ techﬁolqgies, andyanalyzins the
results of "peference counting" studie; in the soctal aciences and humanities,

Stevens concluded that wbrkers 1n the non—scientific aubJects exhibit far more

scatter than pure and applied scientista, in both the subJect literatures they

consylt and in the number of different publications they use +o obtain the in.

’l
K

formation they require.




Time Coverageb

The ﬁseful life span of the Litefature in a'ﬂtofagé‘énd retrieval system
"1s still =mnother factor governing its size and design: Nkasuromentq of the com-
palamive ages of the literature used bv workers in varioug fields have been made
in a number of studies. ‘These atudies havevutilized gseversl Adifferent techw
niques, including "raference counting' ( L), face~to-face interviews {5), and
analyses of .....owwy clreulation records (17).. whilé fhc resﬁiﬁS'Of these atud-
les have varied as to particulgrs,"they hgve produced striking agreement on
“certain basic points. ‘ _ i

One major point of agreement regardtng the temporal gpen of use of sci-
-en$i£ic and,technical literature eancerns tnp pure and spplied sclentists once

iagain. As a rule, pure seientists g0 conaiderably fu*ther back in their use, of .

'(the literaﬁure thaﬁ applied scipntista . u“V@lﬂA xx&sans for thig difference

hswe:been advanced.“ Primary amnng them is hhe fag* chaL the pure scientist 1s

-l5 by nature & ‘scholar; he works at a leianrely pace and.haa time to be more thor=- -

ngh.in.hia use of the literature than the applled scigntist who 1s forced to o
"sacrifice,acholarship for expeaience_and to be somewhat more ghallow in his | o
'ﬁaEAiﬁg than*fha pure sclentist., This explanatidn'is horne nut,hy the'finding

] thnt the applied scientist makes less use of written end published informgtion

in general than the pure scientist, 1eaning more on personal contacts for his

information {5 ). It is also borne out in ‘the applied’acientist 8 greater will-

ingness to-déleggte his’literaturc gearchés'to other ﬁersons.or agencies.'

Anmtﬁér likely resson for the use of more current informaxioﬁ by applied
scightis£é'is the facﬁ that applied science is fér'écre chengeable than pure

. selence. The ideas and techniques of pure sclence apparently retain their use-

fulneas and timeliness longer than do those of applied acience. The relaﬁively
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rapid,turnover“of ldeas and trends in app;ied science giveé rige tc a rapid obso-
lescence in its literature.

This difference in dynamiciam and the subsequent differences in ihe rate
of literature obsolescence spply not only to pure and applied science as & whole

but to specific fields of science as well. For instance, it hes been shown that

”physiciats use litérature of much more recent origin than chemista,’who tend to

g0 back farther in time (15)." Chemists, on the other hand, do not go back s far
in the literature as biologilsta (lQ). Ccmparing natural scilence and technology

with the socisl sciences end humanities, it develops that the socisl sciences make

- use of still older literature than natural scicnce%andvtechnology (15). Thus, we

hawe e further indication that some fields are more dependent on change than oth-

ers, and that this changeability is reflected in the literature of the fields in-

:V0¢Vﬁd.

Focuding on science end technology in particular,'it 18 interesting how

relami#ely recent in origin the bulk of the 11terature in eufrent use turns out

1o be. - Pest studies indicate that for most fields the outside age of the liters-

7‘turelconsulted is 15 years, However, it is important to be conservative in apply-

ing. thia flgure in deciding what goes into a storage and retr:eval system, since

' workers in some fields typically depend on literature which is far more cur?ent,

while workers in other flelds go back considerably farther than 15 years, But 1t
is evident tham regardleas of field the temporal span of the literature used is
completely messursble and finite, and can be used as a partial guide in the~des

sign of storage and retrieval systems for specific user groups.

Types of Sources of Informaticn

One other extremely important comsideration in the definition ¢f ‘the con-

tent. and arope of ayatem is the derivation of the information that goez into

ey
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it. Sources of informstion vary from field to field end from activity to activ-
ity. In the applied phases of physics and chemistry, for instsnce, a very high
proportion.of the useful written informstion comes from unpublished progress re-
ports. (5), This would seem to relate to the dependence of applied scientists on
information of an extremely current nature. By contrast, physicists and chemists
involved in basic or pure ;esearch lean primarily on research pericdicals for
their written information. On the other hand, biclogists meke greater use of
textbooks and treatises than either chemists or rhysicists, this apparently stem-
ming from the fact that binlogy is not subject to as rapid a rate of change ss
chemistry and physics (10). Thus, it is extremely difficult to predict the kinds
of literature that should be covered by a system without a careful study of the
people who are going to use it.

In addition to telling ihe system designe:r what should go into a system, a
study of its potential users can also tell him what should not be included in it.
Hertz and Rubenctein { 9) have demonst roted that certe’. uypes of infcrmetion are
generally communicated dne wuy, while other types are communicated in uther weys.
Some kinds of information are almost always communicated crally, others are com-
municated by informal written means such as memorands, still others are comrmn?-
cated by means of formesl vehicles such as rcseerch revorts, paricdicals. and tre--
atises, etc. The spenific vehiciégiﬁéeé for diffecsent kinds of infoimation vary
12 turn with the activities of the individuals and groups involved. The results
of the Hertz and Rubenstein study zre jndinative of the fallacy of attempting to
design and operate = <torage ard retrieval system without an intimate knowledge
of the information-gathering and communication habits of the irdividuals and

groups that are to use it.
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Conclusions

S

The primary conclusion,thqt yquldAaeem.Justified from an analysis of user
studies done to date is thet, imperfect. as they are, they can still be an impor-
tant source of guidance in the-design of storage and retrieval systems. Even
among. the studies discussed in the ﬁresent report, which constitute but a small
fraction of those that have been done, there are beginning bases for useful gen-
eralizations on the handling and organization of inforﬁaxion for retrieval,

There is, for instance, a strong fadication in the findings of the stud-
les discussed that pure scientists sre not likely tarzel. fir Lhe efforts of
documentalists in the design of ornate centralized information storage and re- —
trieval programs, first, because the rélatively concentrated nature of tgeir
Uterature negates the need for such programs, and, second, because the nature
of theilr work makes. it extremely unlikely that they would delegate their infor-
:pation chores to outsz!de agenciec

There is, however, evidence cnat applied scientists can b2 helped by large
centralized storage and retrieval mechanisms. Applied scientists already custom-
avily delegate their searches when they can, making far more use of reference. ser-
vices than pure scientists. This is apparently related tc the fart that the use
of the literature does n.t >.rnstitute as intirete & pzr: ~F ipe research process
as 1t do~s for pure scientisuvs, In addition, the degree of scatter in the sources
of appliied research information mskes it impractical to break these sources into
smaller vzits covering specific subject areas, as is possible in the case of pure
sclence.

On the other hand, the relatively ephemerel nature of epplied research in-
formation creates a problem in its organization. In order to attain maximum use-

fulness, aspplied research informution collections must apperently be organized in
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such a way as to prermit direct answers to questions rather thun references to
sources of answers. However, this necessitates highly detailed content analysis
on the input side and a very speedy and sophisticated searching mechanism on the
output, which, in turn, raises the question of whether it is worth it. The an-
swer to this questicn will vary from situation to situstion, depending on just
how important the information is to its users, and wvhat alterpatives they have
in obtaining it. Here egain, the advantages of knowing the habits and require-
ments of the user group commend themselves.

The social sciences énd humanities pose still another storsge and retrievel
problem, Social scientists and humanists go back farther in their use o} the lit-
erature than even the pure scientists, and yet the kinds of literstur& they use
are far more diverse than those of even the applied scientist. To make matters
worse, the social scilentist and numanist place sreat relisnce on the literature.
Indeed, for many and possibly most, the library is as crucial as the laboratory
is to the physical and biolagicel ¢~ientist.

A certain proportion of the solution of the ia’ormstion protlem of tie
social scientist end humanist is sutomatically derived from the fact.that they
~are extremely heavy users of their literstures, and that the nature of their
work, and the tra‘ning that precedes it make it casier for them to fend for
themselves than it is for the ratural sclentiy., ehd parvicularly the epplied
sclentist whose feocus is less on the library and more on the laboratory. Never-
theless, there are undcubtedly svzuz in the literature of the social sciences
and humanities th~t lend themselves to change in methods of storage and re-
trieval. More exact data on just how scilentists and humanists presently meet
their information requirements, insofar as they are able to, would perhaps re-
veal what areas are subject to imprcvement and how this improvement might be

brought abot,
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Returning to the originsl theme of these cbnclusiona, probably the most
interesting sspect of the foregoing discussion is that it would not have been
possible weré it not for the fact that a good deal of meaningful evidence con-
cerning the information-gathering habits of users of informstion -1s in existence
now. Mbre such evidence is needed, but more use has to be made cf the evidence
that is aslready at hand. It is probable that the intelligent use of this evi-
dence would result in solutions or partial solutions to meny problems which have
been subjected to general and perennisl theoretical discussions. The least it
~could do is tell us what we still do not know, and what studies of user habits
and requirements remain to be done.

It may be argued that the evidence which has been produced by part stud-
ies, and which will probably be produced by future studies, is of a cr:lde or
approximate nature. However, even a crude measurement is better than none at
all. Most analytical undertakings start with first approximstions which are
refined on the basis of subsequent tests and exr :rience. IBut be’. .l there can
be refinements there has to be something to refine.

Science itself is contimually changing as newer and better methods of
analysis and measurement are evolved. The scientist, knowing this, might sit
and wait for the ultimate methcd to be developed. Bu. of zourse he doesnit;
= makes do with the tools ot hond, =nd he nivances the causc of knowledge ac

ve;t h. can. Thas approach commends itself to the documentalist.
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